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(S) Quinazoline derivatives and their use as anti-cancer agents. 
@ The invention concerns quinazoline derivatives of the formula I 




^f1L in „ R ! indudes hydroxy, amino, hydroxyamino. (1-4C)alkoxy. (1-4C)alkylamino and di-[(1- 
4U)aiKyl]amino ; " 
R 3 is haiogeno ; 

n is 1, 2 or 3 and R 2 includes hydrogen, hydroxy, haiogeno and (1-4C)aJkyl * 
or a pharmaceutically-acceptable salt thereof ; 

processes for their preparation ; pharmaceutical compositions containing them ; -no tne use of the 
receptor tyrosine kinase inhibitory properties of the compounds in the treatment of z ' 
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The inv ntion relat s to quinazoline d rivatives, or pharmaceutically-acc ptable salts thereof, which p s- 
sess anti-cancer activity and are accordingly useful in methods of tr atment of cancer in the human r animal 
body. The inv ntion also relates to processes for th manufactur of said quinazoline derivatives, to pharma- 
ceutical comp sitions containing them and to th ir us in the manufacture of m dicaments of use in the pro- 
5 duction of an anti-canc r effect in a warm-blooded animal such as man. 

Many of th current treatment regimes for cancer utilise comp unds which inhibit DNA synthesis. Such 
compounds are toxic to cells generally but their t xic ff ct on the rapidly dividing turn ur cells can b bene- 
ficial. Alternative approaches to anti-cancer agents which act by mechanisms other than the inhibition of DNA 
synth sis have the potential to display enhanced selectivity of action against cancer cells. 

10 In recent years it has been discovered that a cell may become cancerous by virtue of the transformation 

of a portion of its DNA into an oncogene i.e. a gene which, on activation, leads to the formation of malignant 
tumour cells (Bradshaw, Mutagenesis , 1986,2, 91). Several such oncogenes give rise to the production of pep- 
tides which are receptors for growth factors. The growth factor receptor complex subsequently leads to an in- 
crease in cell proliferation. It is known, for example, that several oncogenes encode tyrosine kinase enzymes 

15 and that certain growth factor receptors are also tyrosine kinase enzymes (Yarden et al. t Ann. Rev. Biochem ., 
1988, 57, 443; Larsen et al. Ann. Reports in Med. Chem. 1989, Chpt 13). 

Receptor tyrosine kinases are important in the transmission of biochemical signals which initiate cell rep- 
lication. They are large enzymes which span the cell membrane and possess an extracellular binding domain 
for growth factors such as epidermal growth factor and an intracellular portion which functions as a kinase to 

20 phosphorylate tyrosine amino acids in proteins and hence to influence cell proliferation. It is known that such 
kinases are frequently present in common human cancers such as breast cancer (Sainsbury et al. , Brit J. Can- 
cer , 1988, 58, 458; Guerin et aL. Oncogene Res. , 1988, 3, 21), gastrointestinal cancer such as colon, rectal 
or stomach cancer (Bolen etal. . Oncogene Res. , 1987,1, 149), leukaemia (Konaka et al. . Cell , 1984,37, 1035) 
and ovarian, bronchial or pancreatic cancer (European Patent Specification No. 0400586). As further human 

25 tumour tissues are tested for receptor tyrosine kinase activity it is expected that its widespread prevalance 
will be established in further cancers such as thyroid and uterine cancer. It is also known that tyrosine kinase 
activity is rarely detected in normal cells whereas it is more frequently detectable in malignant cells (Hunter, 
Cell . 1 987. 50, 823). It has been shown more recently (W J Gullick, Brit. Med. Bull. , 1991, 47, 87) that epidermal 
growth factor receptor which possesses tyrosine kinase activity is overexpressed in many human cancers such 

30 as brain, lung squamous cell, bladder, gastric, breast, head and neck, oesophageal, gynaecological and thyroid 
tumours. 

Accordingly it has been recognised that an inhibitor of receptor tyrosine kinase should be of value as a 
selective inhibitor of the growth of mammalian cancer cells (Yaish et al. Science , 1988, 242, 933)r Support-for- 
this view is provided by the demonstration that erbstatin. a receptor tyrosine kinase inhibitor, specif tcaHy at- 

35 tenuates the growth in athymic nude mice of a transplanted human mammary carcinoma which expresses epi- 
d rmal growth factor (EGF) receptor tyrosine kinase but is without effect on the growth of another carcinoma 
which does not express EGF receptor tyrosine kinase (Toi et ah, Eur. J. Cancer Clin. Oncol. , 1990, 26, 722.) 
Various derivatives of styrene are also stated to possess tyrosine kinase inhibitory properties (European Patent 
Application Nos. 021 1 363, 0304493 and 0322738) and to be of use as anti-tumour agents. The in vivo inhibitory 

40 ffect of two such styrene derivatives has been demonstrated against the growth of human squamous cell car- 
cinoma inoculated into nude mice (Yoneda et ah. Cancer Research , 1991, 51^. 4430). Accordingly it has been 
indicated that receptor tyrosine kinase inhibitors will prove to be useful in the treatment of a variety of human 
cancers. Various known tyrosine kinase inhibitors are disclosed in a more recent review by T R Burke Jr. (Drugs 
of the Future , 1992, 17, 119). 

45 We have now found that certain quinazoline derivatives possess anti-cancer properties which are believed 

to arise from their receptor tyrosine kinase inhibitory properties. 

It is known from the patent application W0 92/20642 that certain aryl and heteroaryl compounds inhibit 
receptor tyrosine kinase. There is the disclosure of certain quinazoline derivatives but no mention is made of 
4-anilinoquinazoline derivatives. 

so It is also known from European Patent Application No. 92305703.8 (publication no. 0 520 722) that certain 

4-anilinoquinazoline derivatives which are unsubstituted at positions 5 to 8 of the quinazoline ring or which 
bear a halogeno, trif luoromethyl or nitro substituent at one of those positions are useful as inhibitors of receptor 
tyrosine kinase. There is no disclosure in that Application of 4-anilinoquinazoline derivatives which bear an ami- 
no, alkylamino, acylamino or alkoxy substituent at any of positions 5 to 8. 

55 We have now discovered that certain 4-anilinoquinazoline derivatives which bear a halogeno substituent 

at the 7-position and which also bear an amino, alkylamino, acylamino or alkoxy substituent at the 6-position 
are useful as inhibitors of receptor tyrosine kinase. 

According to the invention there is provided a quinazoline derivative of the formula I (set out hereinafter) 
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wherein R 1 is hydroxy, amino, hydroxyamino, trifluoromethoxy, (1-4C)alkoxy, (1-4C)alkytamino, di-[(1-4C)al- 
kyljamin t aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidin , morpholino, piperazin-1-yl, 4-(1-4C)alkylpiper- 
azin-1-yl, (1-4C)alkyithio, halogeno-(2-4C)alkoxy, hydroxy-(2-4C)aikoxy. (1-4C)alkoxy-(2-4C)alkoxy, phenyl- 
(1-4C)alkoxy, halogeno-(2-4C)alkyiamino, hydroxy-(2-4C)alkylamino, (1-4C)alkoxy-(2-4C)alkyiamino, phenyi- 
(1-4C)alkyl amino, (2-4C)alkan yiamino, benzamido, 2-oxopyrrolidin-1-yl, 2-oxopip ridin-1-yt, halogeno-(2- 
4C)alkanoyiamino. hydroxy-(2-4C)alkanoy1amino, (1*4C)alkoxy-(2-4C)aIkanoyiamino t (3-4C)alkenoylamino, 
(3-4C)alkynoyiamino, N-(1-4C)alkyl-(2-4C)alkanoyiamino f N-(1 -4 C)alkyl benzamido, N-(1-4C)alkyl-halogeno- 
(2-4C)alkanoylamino, N-(1-4C)alkyl-hydroxy-<2-4C)alkanoyl amino, N-(1-4C)alkyl^1-4C)alkoxy-(2-4C)alka- 
noyiamino, N-(1-4C)alkyi-(3-4C)alkenoyiamino or N-(1-4C)alkyi-(3-4C)alkynoylamino, and wherein said ben- 
zamido or N-(1-4C)alkylbenzamido substituent or any phenyl group in a R 1 substituent may optionally bear 
one or two halogeno. (1-4C)alkyi or (1-4C)aikoxy substituents; 

R 3 is halogeno; and n is the integer 1, 2 or 3 and each R 2 is independently hydrogen, hydroxy, halogeno, tri- 
fluoromethyl, amino, nitro, cyano, (1-4C)alkyl, (1-4C)alkoxy or (2-4C)alkanoylamino; or a pharmaceutically- 
acceptable salt thereof. 

The chemical formulae referred to herein by Roman numerals are set out for convenience on a separate 
sheet hereinafter. In this specification the term "alkyi" includes both straight and branched chain alky I groups 
but references to individual alkyl groups such as "propyl* are specific for the straight chain version only. An 
analogous convention applies to other generic terms. 

Within the present invention it is to be understood that a quinazoline of the formula I may exhibit the phe- 
n menon of tautomerism and that the formulae drawings within this specification can represent only one of 
the possible tautomeric forms. It is to be understood that the invention encompasses any tautomeric form which 
possesses anti-cancer activity and is not to be limited merely to any one tautomeric form utilised within the 
formulae drawings. 

The quinazolines of the formula I are unsubstituted at the 2-, 5- and 8-posrtions. 

It is also to be understood that certain quinazolines of the formula I can exist in solvated as well as unsol- 
vated forms such as, for example, hydrated forms. It is to be understood that the invention encompasses all 
such solvated forms which possess anti-cancer activity. 

According to a further aspect of the invention there is provided a quinazoline derivative of the formula I 
wherein R 1 is hydroxy, amino, hydroxyamino, trifluoromethoxy, (1-4C)alkoxy t (1-4C)alkyiamino, di-[(1-4C)al- 
kyljamino, aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidino, morpholino, piperazin-1-yl, 4-(1-4C)alkylpiper- 
azin-1-yl, (1-4C)a!kyithio, halogeno-(2-4C)alkoxy, hydroxy-(2-4C)alkoxy, (1-4C)alkoxy-(2-4C)alkoxy, phenyl- 
(1-4C)alkoxy, halogeno-(2-4C)alkyiamino, hydroxy-(2-4C)alkylamino, (1-4C)alkoxy-(2-4C)alkylamino, phenyl- 
(1-4C)alkyiamino, (2-4C)alkanoylamino, benz^mido, 2-oxopyrrolidin-1-yl, 2-oxopiperidin-1-yl t halogeno-(2- 
4C)alkanoylamino, hydroxy-(2-4C)atkanoytamino or (1-4C)alkoxy-(2-4C)alkanoylamino, and wherein said 
b nzamido substituent or any phenyl group in a R 1 substituent may optionally bear one or two halogeno, (1- 
4C)alkyl or (1-4C)alkoxy substituents; 

R 3 is halogeno; and n is the integer 1, 2 or 3 and each R 2 is independently hydrogen, hydroxy, halogeno, tri- 
fluoromethyl, amino, nitro, cyano, (1-4C)alkyl, (1-4C)alkoxy or (2-4C)alkanoylamino; 
or a p harmaceutical I y- acceptable salt thereof. 

Suitable values for the generic radicals referred to above include those set out below. 

A suitable value for R 2 when it is (1-4C)alkyi is, for example, methyl, ethyl, propyl, isopropyi, butyl, isobutyl, 
s c - butyl or tert- butyl; when it is (1-4C)alkoxy is, for example, methoxy, ethoxy, propoxy, isopropoxy or butoxy; 
and when it is (2-4C)alkanoylamino is. for example, acetamido, propionamido or butyramido. Suitable values 
for each R 1 substituent which may be present on the quinazoline ring include, for example:- 



for (l-4C)alkoxy: 

for (l-AC)alkylamino: 

for di- [ ( l-AC)alkyl]amino: 

w 

for (l-AC)alkylthio: 

15 
!0 
IS 
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methoxy, ethoxy, propoxy, isopropoxy 
and butoxy; 

methyl ami no, ethylamino and 
propylamine; 

dimethylamino , diethylamino, 
N-ethyl-N-methylamino and 
di propylamine ; 
methylthio, ethylthio and 
propylthio; 
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for 4-(l-4C)alkyl- 
piperazin-l-yl : 

for halogeno-(2-4C)alkoxy: 

for hydroxy- (2-4C)alkoxy: 
for (l-4C)alkoxy-(2-4C)alkoxy: 

for phenyl- (1- AC) alkoxy: 
for halogeno-(2-4C)alkylaniino: 

for hydroxy- (2-4C)alkylaraino: 

for (l-4C)alkoxy-(2-4C)alkyl- 
amino: 

for phenyl r ( l-4C)alkylamino : - 

for (2-4C)alkanoylaraino: 

for halogeno-(2-4C)alkanoylaraino: 

for hydroxy- (2-4C)alkanoylamino: 



4-nethylpipera2in-l-yl and 
4-ethylpiperazin-l-yl; 
2-fluoroethoxy, 2-chloroethoxy, 

2- brorooethoxy, 3-f luoropropoxy and 

3- chloropropoxy; 

2-hydroxyethoxy, 3-hydroxypropoxy 
and 4-hydroxybutoxy; 

2- methoxyethoxy, 2-ethoxyethoxy, 

3- raethoxypropoxy and 
3-ethoxypropoxy; 
ben2yloxy, 2-phenylethoxy and 
3-phenylpropoxy; 
2-fluoroethylamino, 
2-chloroethylamino , 

2- bromoethylamino, 

3- fluoropropylamino and 
3 -chloropropylamino ; 

2 -hydroxye thylamino , 

3- hydroxypropylamino and 

4- hydroxybutylamino; 

2-methoxyethylaraino, 

2- ethoxyethylamino, 

3- raethoxypropylamino and 
3-ethoxypropylamino; 
benzylamino , phenethylamiho and 
3-phenylpropylamino; 
acetamido, propionamido and 
buryramido ; 

2- chloroacetamido, 2-bromoacetamido, 

3- chloropropionainido, 3-bromo- 
propionaraido and 4-chlorobutyrainido; 
2-hydroxyacetaroido, 3 -hydroxy - 
propionamido and 

4- hydroxybutyrait^^o ; 
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for (l-4C)alkoxy-(2-4C)- 
alkanoylamino : 



for (3-4C)alkenoylaraino: 

for (3-4C)alkynoylamino: 
for N-(l-4C)alkyl-(2-4C)- 
alkanoylamino : 

for N-( l-4C)alkylbenzainido: 
for N-(l-4C)alkyl-halogeno- 
( 2-4C ) alkanoylamino : 



for N-(l-4C)alkyl-hydroxy- 
( 2-4C) alkanoylamino : 



for N-(l-4C)alkyl-(l-4C)alkoxy- 
( 2-4C)alkanoylamino : 



for N-(l-4C)alkyl-(3-4C)- 
alkenoylamino: 



for N-(l-4C)alkyl-(3-4C)- 
alkynoylainino : 



2- methoxyacetamido, 2-ethoxy- 
acetamido , 2-propoxyacetamido , 

3 - methoxypropionaroido , 

3- erJioxypropionamido and 

4- methoxyburyramido ; 
acrylainido, methacrylaiaido, 
crotonaxoido and isocrotonamido; 
propiolamido; 

N-methylacetamido, N-ethylacetamido 
and N-roethylpropionamido; 
N-methylbenzainido; 

2-chloro-N-methylacetainido, 

2- chloro-N-ethylacetaraido and 

3- chloro-N-methylpropionainido; 

2- hydroxy-N-methylacetaraido , 
N-ethyl-2-hydroxyacetamido and 

3- hydroxy-N-methylacetamido; 

^-merhoxy-N-methylacetamido, 
N-ethyl-2-methoxyaceramido , 
2-ethoxy-N-methylacetainido and 
2-ethoxy-N-ethylacetamido; 

N-raethylacrylamido , 
N-ethylacrylamido and 
N-methylmerhacrylamido ; 

N-methylpropiolamido and 
N-ethylpropiolamido . 



Suitable values for the substituents which may be present on the phenyl ring when R 1 is benzamido or N- 
(1-4C)alkylbenzamido or on a R 1 substituent which contains a phenyl group include, for example:- 
for halogeno: f luoro, chloro and bromo; 

for (1-4C)alkyl: methyl, ethyl and propyl; 

for (1-4C)alk xy: methoxy, ethoxy and propoxy. 

A suitabl value for R 2 or R 3 wh n it is halogeno is, f r example, flu ro, chloro, bromo r iodo. 
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A suitabl pharmac utically-accep table salt of a quinazoline derivative of the inv ntion is, for example, an 
acid-additi n salt of a quinazolin derivative of the invention which is sufficiently basic, for exampl , an acid- 
additi n salt with, for xample, an inorganic r organic acid, for example hydrochloric, hydiobromic, sulphuric, 
phosph ric, trifluoroacetic, citric or mal ic acid. In addition a suitable pharmaceutically-acceptable salt of a 
quinaz line derivative of the invention which is sufficiently acidic is an alkali metal salt, for example a sodium 
or potassium salt, an alkaline earth metal salt, for example a calcium or magnesium salt, an ammonium salt 
or a salt with an organic base which affords a physiologically-acceptable cation, for example a salt with me- 
thylamine, dimethylamine, trimethylamine, piperidine, morpholine or tris-(2-hydroxyethyl)amine. 

Particular novel compounds of the invention include, for example, quinazoline derivatives of the formula 
I, or pharmaceutically-acceptable salts thereof, wherein:- 

(a) R 1 is hydroxy, amino, hydroxyamino, trifluoromethoxy, (1-4C)alkoxy. (1-4C)alkylamino. di-[(1-4C)al- 
kyljamino, aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidino, morpholino, piperazin-1-yl, 4-<1-4C)alkyl- 
piperazin-1-yl, (1-4C)alkylthio, halogeno-<2-4C)alkoxy, hydroxy-(2-4C)alkoxy. (1-4C)alkoxy-<2-4C)aikoxy, 
hydroxy-(2-4C)alkyiamino. (1-4C)alkoxy-(2-4C)alky1amino. (2-4C)alkanoylamino, 2-oxopyrrolidin-1-yt, ha- 
logeno-(2-4C)alkanoyiamino, hydroxy-(2-4C)alkanoyi amino or (1-4C)alkoxy-(2-4C)alkanoylamino; and n, 
R 2 and R 3 have any of the meanings defined hereinbefore or in this section relating to particular novel com- 
pounds of the invention; 

(b) R 1 is amino, hydroxyamino, (1-4C)alkylamino, di-[(1-4C)alkyl]amino, aziridin-1-yi, azetidin-1-yi, pyrro- 
lidin-1-yi, piperidino, morpholino, piperazin-1-yl t 4-(1-4C)alkylpiperazin-1-yl, hydroxy-(2-4C>alkylamino, 
(1-4C)alkoxy-(2-4C)alkyiamino, (2-4C)alkanoyiamino, 2-oxopyrrolidin-l-yl, haiogeno-(2-4C)alkanoylami- 
no, hydroxy-(2-4C)alkanoylamino or <1-4C)alkoxy-(2-4C)alkanoylamino; and n, R 2 and R 3 have any of the 
meanings defined hereinbefore or in this section relating to particular novel compounds of the invention; 

(c) R 1 is amino, hydroxyamino, (1-4C)alkylamino. di-[(1-4C)alkyl]amino, (2-4C)alkanoylamino, 2-oxopyr- 
rolidin-1-yl, halogeno-(2-4C)alkanoyiamino, (3-4C)alkenoyiamino, (3-4C)aIkynoylamino, N-(1-4C)alkyl-(2- 
4C)alkanoyiamino and N-(1-4C)alkyl-halogeno-(2-4C)alkanoylamino; and n, R 2 and R 3 have any of the 
meanings defined hereinbefore or in this section relating to particular novel compounds of the invention; 

(d) R 1 is hydroxy, trifluoromethoxy, (1-4C)alkoxy, (1-4C)alkylthio t halogeno-(2-4C)alkoxy t hydroxy-<2- 
4C)alkoxy or (1-4C)alkoxy-(2-4C)alkoxy; and n, R 2 and R 3 have any of the meanings defined hereinbefore 
or in this section relating to particular novel compounds of the invention; or 

(e) n is 1 or 2 and each R 2 is independently hydrogen, hydroxy, halogeno, trifluoromethyi, amino, nitro. 
cyano or (1-4C)alkyl; and R 1 and R 3 have any of the meanings defined hereinbefore or in this section re- 
lating to particular novel compounds of the invention. 

A further particular compound of the invention is a quinazoline derivative of the formula I 
wherein R 1 is hydroxy, amino, hydroxyamino, methylamino, ethylamino, dimethyiamino, diethylamino, aziridin- 
1-yl. azetidin-1-yl, pyrrolidin-1-yl, piperidino, morpholino, piperazin-1-yl, 4-methylpiperazin-1-yi f acetamido, 
propionamido, 2-oxopyrrolidin-1-yl, 2-chloroacetamido, 3-chloropropionamido, 4-chlorobutyramido, 2-hydrox- 
yacetamido or 2-methoxyacetamido; 
R 3 is f luoro or chioro; and 

(R 2 )„ is 4*-f luoro, 3*-chloro, S'-bromo, S'^-dichloro, 3*-chloro-4*-fluoro, 3'-trifluoromethyl, 4 , -fluoro-3 , -trifluor- 
omethyl, 3'-nitro, 4 , -chloro-3 t -nitro, 4'-fluoro-3'-nitro or 3'-methyl; 

r a pharmaceutically-acceptable salt thereof. - 

A further particular compound of the invention is a quinazoline derivative of the formula I 
wherein R 1 is hydroxy, amino, hydroxyamino, methylamino, ethylamino, dimethyiamino, diethylamino, aziridin- 
1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidino. morpholino, piperazin-1-yl, 4-methylpiperazin-1-yl, acetamido. 
propionamido, 2-oxopyrrolidin-1-yl, 2-chloroacetamido. 3-chloropropionamido, 4-chlorobutyramido, 2-hydrox- 
yacetamido, 2-methoxyacetamido, acrylamido, methacrylamido, N-methylacetamido, N-ethylacetamido, N- 
m thylpropionamido. 2-chloro-N-me thy! acetamido or 2-chloro- N-ethylacetamido; 
R 3 is fluoro or chioro; and 

(R 2 ) n is 4 , -fluoro, 3-chloro, 3*-bromo, S'^'-dichloro, 3 f -chloro-4 '-fluoro, 3'-trifluoromethyl, ^-fluoro-S'-trif luor- 

methyl, 3'-nitro. 4 , -chloro-3 , -nitro. 4-fluoro-3'-nitro or 3 f -methyl; 
or a pharmaceutically-acceptable salt thereof. 

A further particular compound of the invention is a auinqzoline derivative c: :no fcrT!!,*:a : 
wh rein R 1 is methoxy, ethoxy, methylthio. 2-chloroethoxy, 2-bromoethoxy, 2-hydroxye;noxy or 2-metr,oxye- 
thoxy; 

R 3 is fluoro or chioro; and 

(R 2 ) n is 4-fluoro. 3-chloro. S'-bromo, S'^'-dichloro, 3-chloro-4'-fluor , S'-triflu rom thyl, 4'-fluoro-3 -trifluor- 
om thyl, 3'-nitro, 4'-chloro-3'- nitro, 4*-f luoro-S'-nitro or 3-methyl; or a pharmaceutically-acceptable salt ther - 



EP 0 635 498 A1 



A pr ferr d compound of the invention is a quinazolin derivative f the formula I 
wher in R 1 is amino, hydroxyamino, m thylamino. dimethylamino, acetamido. 2-oxopyrrolidin-1-yl. 2-chloroa- 
cetamido or 4-chlorobutyramido; 
R3 is f iuoro or chloro; and 

5 (R2) n is 3 f -chl ro, 3\4'-dichloro, 3'-chloro-4'-f Iuoro or 3'-methyl; or a pharmaceutically-acceptabl acid-addition 
salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the formula I 
wh rein R 1 is amino, hydroxyamino, methytamino. dimethylamino. acetamido. 2-oxopyrrolidin-1-yl, 2-chloroa- 
cetamido, 4-chlorobutyramido, acryiamido or 2-chloro-N-methylacetamido; 
10 R 3 is f Iuoro or chloro; and 

(R2) fl is 3 f -chloro, 3\4'-dichloro, 3*-chloro-4'-f Iuoro or 3*-methyi; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the formula I 
wherein R 1 is methoxy or ethoxy; 
is R 3 is f Iuoro or chloro; and 

(R2) n is 3-chloro, 3'.4'-dich1oro. S'-chloro-^'-f Iuoro or 3-methyl; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

A specific preferred compound of the invention is the following quinazoline derivative of the formula I, 
6-amino-7-fluoro-4-(3'-methylanilino)quinazoline, 6-<2-chloroacetamido)-7-fluoro-4-(3 , -methylanilino)quina- 

20 zoline, 6-amino-4-(3'-chloro^^ 

nazoline, 7-chloro-6-(2-chloroacetamido)-4-(3 , -methylanilino)quinazoline or 7-chloro-6-(2-chloroacetamido)- 

4-(3*.4 , -dichloroanilino)quinazoline; 
r a pharmaceutically-acceptable acid-addition salt thereof. 

A further specific preferred compound of the invention is the following quinazoline derivative of the formula I, 

25 7-fluoro-6-hydroxyamino-4-(3 , -methylanilino)quinazoline, 4-(3-chloro-4 •-fluoroanilino)-7-fluoro-6-hydroxya- 
minoquinazoline. 6-acryiamido-7-fluoro-4-(3 , -methylanilino)quinazoline. 4-(3 , -chloro-4 , -fluoroanilino)-7-fluo- 
ro-6-methylaminoquinazoline. 6-(2-chloroacetamido)-4-(3 , -chloro-4'-fluoroanilino)-7-fluoro-qui nazoline. 6-(4- 
chlorobutyramidoH-tS'-chloro-^-fluoroanilinoK-fluoroquinazoline or 4-<3 , -chloro-4 , -fluoroanilino)-7-fluoro- 
6-(2-oxopyrrolidin-1-yl)-quinazoline; 

30 or a pharmaceutically-acceptable acid-addition salt thereof. 

A quinazoline derivative of the formula I. or a pharmaceutically-acceptable salt thereof, may be prepared 
by any process known to be applicable to the preparation of chemically-related compounds. A suitable process 
is, for example, illustrated by that used in European Patent Application No. 0 520 722. Such processes, when 
used to prepare a quinazoline derivative of the formula I. or a pharmaceutically-acceptable salt thereof, are 

35 provided as a further feature of the invention and are illustrated by the following representative examples in 
which, unless otherwise stated. R\ n. R 2 and R 3 have any of the meanings defined hereinbefore for a quina- 
zoline derivative of the formula I. Necessary starting materials may be obtained by standard procedures of or- 
ganic chemistry. The preparation of such starting materials is described within the accompanying non-limiting 
Examples. Alternatively necessary starting materials are obtainable by analogous procedures to those illustrat- 

40 d which are within the ordinary skill of an organic chemist 

(a) The reaction, conveniently in the presence of a suitable base, of a quinazoline of the formula II (set out 
h reinafter), wherein 2 is a displaceable group, with an aniline of the formula III. 

A suitable displaceable group 2 is, for example, a halogeno, alkoxy. aryloxy or sulphonyloxy group, for ex- 
ampl a chloro, bromo, methoxy, phenoxy, methanesulphonyloxy or toluene-£-sulphonyloxy group. 

45 A suitable base is, for example, an organic amine base such as, for example, pyridine, 2,6-lutidine, coliidine, 

4-dimethylaminopyridine, triethyiamine, morpholine, N-methylmorpholine or diazabicydo[5.4.0)undec-7-ene, 
r, for example, an alkali or alkaline earth metal carbonate or hydroxide, for example sodium carbonate, po- 
tassium carbonate, calcium carbonate, sodium hydroxide or potassium hydroxide. Alternatively a suitable base 
is, for example, an alkali metal or alkaline earth metal amide, for example sodium amide or sodium bis(trime- 

so thylsiiyl)amide. 

The reaction is preferably carried out in the presence of a suitable inert solvent or diluent, for example an 
alkanol or ester such as methanol, ethanot, isopropanol or ethyl acetate, a halogenated solvent such as me- 
thyl ne chloride, chloroform or carbon tetrachloride, an ether such as tetrahydrofuran or 1,4-dioxan, an aro- 
matic solvent such as toluene, or a dipolar aprotic solvent such as N,N-dimethylformamide, N,N-dimethylace- 
55 tamide, N-methylpyrrolidin-2-one or dimethylsulphoxide. The reaction is conveniently carried out at a temper- 
ature in the range, for example, 10 to 150°C, preferably in the range 20 to 80°C. 

The quinazoline derivative of the formula I may be obtained from this process in the form of the free base 
or alternativ ly it may be obtained in the f rm of a salt with th acid f the formula H-2 wherein 2 has the mean- 
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ing defined hereinbefore. When it is desir d to obtain th free base from the salt, the salt may be treated with 
a suitable base as defined her in before using a conv ntional procedure. 

<b) For the pr duction of thos compounds f the formula I wherein R 1 or R 2 is hydroxy, the cleavage of a qui- 
nazolin d rivatrve of the formula I wherein R 1 or R 2 is (1-4C)alkoxy. 

The cleavage reaction may conv niently be carried out by any of the many pr cedures known for such a 
transformation. The reaction may be carried out for example, by treatm nt of the quinazolin derivative with 
an alkali metal (1-4C)alkyi sulphide such as sodium ethanethiolate or, for example, by treatment with an alkali 
metal diarylphosphide such as lithium diphenylphosphide. Alternatively the cleavage reaction may convenient- 
ly be carried out, for example, by treatment of the quinazoline derivative with a boron or aluminium trihalide 
such as boron tribromide. Such reactions are preferably carried out in the presence of a suitable inert solvent 
or diluent as defined hereinbefore and at a suitable temperature as illustrated in the accompanying Examples. 

(c) For the production of those compounds of the formula I wherein R 1 is amino or hydroxyamino, the reduction 
of a quinazoline derivative of the formula I wherein R 1 is nitro. 

The reduction may conveniently be carried out by any of the many procedures known for such a transfor- 
mation. The reduction may be carrried out, for example, by the hydrogenation of a solution of the nitro com- 
pound in an inert solvent or diluent as defined hereinbefore in the presence of a suitable metal catalyst such 
as palladium or platinum. Af urther suitable reducing agent is, for example, an activated metal such as activated 
iron (produced by washing iron powder with a dilute solution of an acid such as hydrochloric acid). Thus, for 
example, the reduction may be carried out by heating a mixture of the nitro compound and the activated metal 
in a suitable solvent or diluent such as a mixture of water and an alcohol, for example, methanol or ethanol. 
to a temperature in the range, for example, 50 to 150°C, conveniently at or near 70°C. 

(d) For the production of those compounds of the formula I wherein R 1 is (2-4C)alkanoyiamino, substituted (2- 
4C)alkanoytamino, benzamido, (3-4C)alkenoylamino, (3-4C)alkynoylamino. N-(1-4C)alkyH2-4C)alkanoyf ami- 
no, substituted N-(1-4C)alkyl-(2-4C)-alkanoylamino, N-(1-4C)alkyl-(3-4C)alkenoylamino, N-(1-4C)alkyl-(2- 
4C)alkynoyiamino or N-(1 -4 C)alkyl benzamido, or R 2 is (2-4C)alkanoylamino t the acylation of a quinazoline der- 
ivative of the formula I wherein R 1 or R 2 is amino. 

A suitable acylating agent is, for example, any agent known in the art for the acylation of amino to acyla- 
mino, for example an acyl halide, for example a (2-4C)alkanoyl chloride or bromide or a benzoyl chloride or 
bromide, conveniently in the presence of a suitable base, as defined hereinbefore, an alkanoic acid anhydride 
or mixed anhydride, for example a (2-4C)alkanoic acid anhydride such as acetic anhydride or the mixed an- 
hydride formed by the reaction of an alkanoic acid and a (1-4C)alkoxycarbonyl halide. for example a <1-4C)al- 
koxycarbonyl chloride, in the presence of a suitable base as defined hereinbefore. In general the acylation is 
carried out in a suitable inert solvent or diluent aa-def ined hereinbefore and at a temperature, in the range, for 
xample, -30 to 12P_°C,_conveniently at or_neatambient temperature. 

(e) For the production of those compounds of the formula I wherein R 1 is (1-4C)alkoxy or substituted (1-4C)al- 
koxy or R' is (1-4C)alkylamino, di-[(1-4C)alkyl]amtno or substituted (1-4C)alkylamino, the alkylation, preferably 
in the presence of a suitable base as defined hereinbefore, of a quinazoline derivative of the formula I wherein 
R 1 is hydroxy or amino as appropriate. 

A suitable alkylating agent is, for example, any agent known in the art for the alkylation of hydroxy to alkoxy 
r substituted alkoxy, or for the alkylation of amino to alkyiamino or substituted alkylamino, for example an 
alkyl or substituted alkyi halide. for example a (1-4C)alkyl chloride, bromide or iodide or a substituted (1-4C)al- 
kyl chloride, bromide or iodide, in the presence of a suitable base as defined hereinbefore, in a suitable inert 
solvent or diluent as defined hereinbefore and at a temperature in the range, for example, 10 to 140°C, con- 
v niently at or near ambient temperature. 

When a pharmaceutically-acceptable salt of a quinazoline derivative of the formula I is required, for ex- 
ample an acid-addition salt of a quinazoline derivative of the formula I, it may be obtained, for example, by 
reaction of said compound with, for example, a suitable acid using a conventional procedure. 

As stated hereinbefore the quinazoline derivative defined in the present invention possesses anti-cancer 
activity which is believed to arise from the receptor tyrosine kinase inhibitory activity of the compound. These 
properties may be assessed, for example, using one or more of the procedures set out below:- 
(a) An in vitro assay which determines the ability of a test compound to inhibit the enzyme receptor tyrosine 
kinase. Receptor tyrosine kinase was obtained in partially purified form from A-431 cells (derived from human 
vulval carcinoma) by procedures related to those described by Carpenter et ah, J. Biol.Chem. . 1 979, 254, 4884. 
Cohen etaL, J. Biol. Chem. . 1982, 257, 1523 and by Braun et aL. J. Biol. Chem. . 1984, 259. 2051. 

A-431 cells were grown to confluence using Dulbecco's modified Eagle's medium (DM EM) containing 5% 
fetal calf serum (FCS). The obtained cells were homogenised in a hypotonic borate/EDTA buffer at pH 10.1. 
The homogenate was centrif uged at 400 g for 1 0 minutes at 0-4 °C. The supernatant was centrif uged at 25,000 
g for 30 minutes at 0-4°C. The pellet d material was suspend d in 30 mM Hepes buff r at pH 7.4 containing 



9 



EP 0 635 498 A1 

5% glycerol, 4 mM benzamidineand 1% Triton X-100, stirred f r 1 houratO-4°C, and recentrifuged at 100.000 
g for 1 hour at 0-4°C. The supernatant, containing solubilised receptor tyrosine kinas , was stored in liquid 
nitrogen. 

F r test purposes 4-0 uJ of the nzyme solution so obtained was added to a mixture of 400 uJ of a mixture 
5 of 150 mn Hepes buffer at pH 7.4. 500 uM sodium orthovanadate. 0.1% Triton X-100. 10% glycerol. 200 uJ 
water, 80 uJ of 25 mM DTT and 80uJ of a mixture of 12.5 mM manganese chloride, 125 mM magnesium chloride 
and distilled water. There was thus obtained the test enzyme solution. 

Each test compound was dissolved in dimethyisulphoxide (DMSO) to give a 50 mM solution which was 
diluted with 40 mM Hepes buffer containing 0.1% Triton X-100. 10% glycerol and 10% DMSO to give a 500 
10 uM solution. Equal volumes of this solution and a solution of epidermal growth factor (EGF; 20 ug/ml) were 
mixed. 

[y- 32 ]ATP (3000 Ci/mM, 250 uCi) was diluted to a volume of 2 ml by the addition of a solution of ATP (100 
p,M) in distilled water. An equal volume of a 4 mg/ml solution of the peptide Arg-Arg-Leu-lle-Glu-Asp-Ala-Glu- 
Tyr-Ala-Ala-Arg-Gly in a mixture of 40 mM Hepes buffer at pH 7.4. 0.1% Triton X-100 and 10% glycerol was 
is added. 

The test compound/EGF mixture solution (5 ui) was added to the test enzyme solution (1 0 uJ) and the mix- 
ture was incubated at 0-4 °C for 30 minutes. The ATP/peptide mixture (10 uJ) was added and the mixture was 
incubated at 25°C for 10 minutes. The phosphorylation reaction was terminated by the addition of 5% trichlor- 
oacetic acid (40 uJ) and bovine serum albumin (BSA; 1 mg/ml, 5 uJ). The mixture was allowed to stand at 4°C 

20 for 30 minutes and then centrif uged. An aliquot (40 ui) of the supernatant was placed onto a strip of Whatman 
p 81 phosphocellulose paper. The strip was washed in 75 mM phosphoric acid (4x10 ml) and blotted dry. 
Radioactivity present in the filter paper was measured using a liquid scintillation counter (Sequence A). The 
reaction sequence was repeated in the absence of the EGF (Sequence B) and again in the absence of the 
test compound (Sequence C). 

25 Receptor tyrosine kinase inhibition was calculated as fbllows:- 

% Inhibition = 10 ° c "- A b" B) x100 
The extent of inhibition was then determined at a range of concentrations of test compound to give an IC50 
value. 

30 (b) An in vitro assay which determines the ability of a test compound to inhibit the growth of the human naso- 
pharyngeal cancer cell line KB. 

KB cells were seeded into wells at a density oMxIO^-I.SxIO 4 cells per well and grown for 24 hours in 
DMEM supplemented with 5% FCS (charcoal-stripped). Cell growth was determined after incubation for 3 days 
by the extent of metabolism of MTT tetrazolium dye to furnish a bluish colour. Cell growth was then determined 

35 in the presence, of EGF (10 ng/ml) or in the presence of EGF (10 ng/ml) and a test compound at a range of 
concentrations. An IC50 value could then be calculated. 

(c) An in vivo assay in a group of male rats which determines the ability of a test compound (usually adminis- 
tered orally as a bail-milled suspension in 0.5% polysorbate) to inhibit the stimulation of liver hepatocyte growth 
caused by the administration of the growth factor TGFa (400 ug/kg subcutaneously. usually dosed twice. 3 
40 and 7 hours respectively after the administration of the test compound). 

In a control group of rats, the administration of TGFa causes on average a 5-fold stimulation of liver hep- 
atocyte growth. 

Cell-growth in the control and test animals is determined as follows:- 

On the morning of the day after the dosing of the test compound (or 0.5% polysorbate in the control group), 
45 the animals are dosed with bromodeoxyuridine (BrdU; 100 mg/kg intraperitoneally). The animals are killed four 
hours later and the livers are excised. Slices are cut from each liver and the uptake of BrdU is determined by 
a conventional immunohistochemical technique similar to that described on pages 267 and 268 of an article 
by Goldsworthy et ah in Chemically Induced Cell Proliferation: Implications for Risk Assessment, Wiley-Liss 
Inc.. 1991, pages 253-284. 

50 Further tests were carried out using a range of doses of the test compounds to allow the calculation of an 

approximate ED 50 value for the inhibition of liver hepatocyte proliferation as determined by inhibition of the up- 
take of BrdU. 

Although the pharmacological properties of the compounds of the formula I vary with structural change 
as expected, in general activity possessed by compounds of the formula I may be demonstrated at the following 
55 concentrations or doses in one or more of the above tests (a), (b) and (c):- 
Test (a):- IC50 in the range, for example. 0.0001-1 uM; 
T st (b):- IC50 in the range, for exampl . 0.01-10 uM; 
Test (c)> EDgo in the range, for exampl , 1-100 mg/kg. 
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Thus, by way of xample, the compound 6-amino-7-f luoro-4-(3'-m thylanilino)quinazoline has an IC50 of 
0.075 *iM in Test (a), an IC50 of 0.68 uM in Test (b) and an ED W of <40 mg/kg in Test (c); the compound 6-(2- 
chl r acetamidoJ-Z-fluoro-'t-ta^methylanilinoJ-quinazoline has an IC50 of 0.01 u.M in Test (a) and an IC50 of 
0.02uMinT st(b);andthecomp und4-(3-chloro-4'-fluoroanilin }-7-flu ro-6-methoxyquinazolin hasanlC w 
of 0.07 u.M in Test (a), an IC50 of 0.53 nM in T st (b) and an EDr, of <12.5 mg/kg in T st (c). 

According to a further aspect of the invention there is provided a pharmaceutical composition which com- 
prises a quinazoline derivative of the formula I, or a pharmaceutically-acceptable salt thereof, as defined here- 
inbefore in association with a pharmaceutically-acceptable diluent or carrier. 

The composition may be in a form suitable for oral administration, for example as a tablet or capsule, for 
parenteral injection (including intraveous, subcutaneous, intramuscular, intravascular or infusion) as a sterile 
s lution, suspension or emulsion, for topical administration as an ointment or cream or for rectal administration 
as a suppository. 

In general the above compositions may be prepared in a conventional manner using conventional exci- 
pients. 

The quinazoline will normally be administered to a warm-blooded animal at a unit dose within the range 
5-5000 mg per square meter body area of the animal, i.e. approximately 0.1-100 mg/kg, and this normally pro- 
vid s a therapeutically-ef fective dose. A unit dose form such as a tablet or capsule will usually contain, for ex- 
ample 1-250 mg of active ingredient. Preferably a daily dose in the range of 1-50 mg/kg is employed. However 
the daily dose will necessarily be varied depending upon the host treated, the particular route of administration, 
and the severity of the illness being treated. Accordingly the optimum dosage may be determined by the prac- 
titioner who is treating any particular patient 

According to a further aspect of the present invention there is provided a quinazoline derivative of the for- 
mula I as defined hereinbefore for use in a method of treatment of the human or animal body by therapy. 

We have now found that the compounds of the present invention possess anti-cancer properties which 
are believed to arise from their receptor tyrosine kinase inhibitory activity. Accordingly the compounds of the 
present invention are expected to be useful in the treatment of diseases or medical conditions mediated alone 
or in part by the enzyme receptor tyrosine kinase, i.e. the compounds may be used to produce a receptor tyr- 
osine kinase inhibitory effect in a warm-blooded animal in need of such treatment Thus the compounds of 
the present invention provide a method for treating the proliferation of malignant cells characterised by inhib- 
iti n of the enzyme receptor tyrosine kinase, i.e. the compounds may be used to produce an antiproliferative 
ffect mediated alone or in part by the inhibition of the enzyme receptor tyrosine kinase. Accordingly the com- 
pounds of the present invention are expected to be useful in the treatment of cancer by providing an anti- 
proliferative effect particularly in the treatment ofcreceptor tyrosine kinase sensitive cancers such as cancers 
f the breast lung, colon, rectum, stomach, prostate, bladder, pancreas and ovary. 

Thus according to this aspect of the invention there is provided the use of a quinazoline derivative of the 
f rmula I, or a pharmaceutically-acceptable salt thereof, as defined hereinbefore in the manufacture of a med- 
icament for- use in the production of an anti-cancer effect in a warnv blooded animal such as man. 

According to a further feature of this aspect of the invention there is provided a method for producing an 
anti-cancer effect in a warm-blooded animal, such as man, in need of such treatment which comprises admin- 
ist ring to said animal an effective amount of a quinazoline derivative as defined immediately above. 

As stated above the size of the dose required-for-the therapeutic or prophylactic treatment of a particular 
cancer will necessarily be varied depending on the host treated, the route of administration and the severity 
of the illness being treated. A unit dose in the range, for example, 1-100 mg/kg, preferably 1-50 mg/kg is en- 
visaged. 

The anti-cancer treatment defined hereinbefore may be applied as a sole therapy or may involve, in ad- 
diti n to the quinazoline derivative of the invention, one or more other anti-tumour substances, for example 
those selected from, for example, mitotic inhibitors, for example vinblastine; alkylating agents, for example cis- 
platin, carboplatin and cyclophosphamide; antimetabolites, for example 5-fluorouracil, cytosine arabinoside 
and hydroxyurea, or, for example, one of the preferred antimetabolites disclosed in European Patent Applica- 
tion No. 239362 such as N-{5-[N-(3,4-dihydro-2-methyl-4-oxoquina^^ 

noyl}-L-glutamic acid; intercalating antibiotics, for example adriamycin and bleomycin; enzymes, for example 
asparaginase; topoisomerase inhibitors, for example etoposide; biological response modifiers, for example in- 
terferon; and anti-hormones, for example antioestrogens such as 'NOLVADEX' (tamoxifen) or, for example an- 
tiandrogens such as 'CASODEX* (4*-cyano-3-(4-f' iorophenylsulphonyl)-2-hydroxy-2-methyl-3'.(trifluorome- 
thyl)propionanilide. Such conjoint treatment may be achieved by way of the simultaneous, sequential or sep- 
arate dosing of th individual comp nents f th treatment According to this aspect of th inv ntion th r is 
provided a pharmaceutical product comprising a quinazolin derivativ of the formula I as defined h r inb f re 
and an additional anti-turn ursubstanc as defined hereinb f re for th conjoint tr atm nt of cancer. 
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As stat d ab ve the quinazoline derivative d fined in the present inv ntion is an eft ctiv anti-cancer 
agent which prop rty is believ d to aris from its receptor tyrosine kinase inhibitory properties. Such a qui- 
nazoline derivative of the invention is expected to possess a wide range of anti-cancer prop rties as receptor 
tyrosine kinas s have b en tmplicat d in many comm n human cancers -such as leukaemia and br ast lung, 
5 colon, r ctal, stomach, prostate, bladder, pancreas and ovarian cancer. Thus it is exp cted that a quinazoline 
d rivative of the invention will p ssess anti-cancer activity against these cancers. It is in addition exp cted 
that a quinaz iin of the pr s nt invention will possess activity against a range of leukaemias, lymphoid ma- 
lignancies and solid tumours such as carcinomas and sarcomas in tissues such as the liver, kidney, prostate 
and pancreas. 

10 The invention will now be illustrated in the following non-limiting Examples in which, unless otherwise stated:- 

(i) evaporations were carried out by rotary evaporation in vacuo and work-up procedures were carried out 
after removal of residual solids such as drying agents by filtration; 

(ii) operations were carried out at ambient temperature, that is in the range 18-25°C and under an atmos- 
phere of an inert gas such as argon; 

is (iii) column chromatography (by the flash procedure) and medium pressure liquid chromatography (MPLC) 

w re performed on Merck Kieselgel silica (Art. 9385) or Merck Lichroprep RP-18 (Art 9303) reversed-pha- 
s silica obtained from E. Merck, Darmstadt Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum attainable; 

(v) melting points are uncorrected and were determined using a Mettler SP62 automatic melting point ap- 
20 pa rat us, an oil-bath apparatus or a Koff ler hot plate apparatus. 

(vi) the structures of the end-products of the formula I were confirmed by nuclear (generally proton) mag- 
n tic resonance (NMR) and mass spectral techniques; proton magnetic resonance chemical shift values 
were measured on the delta scale and peak multiplicities are shown as follows: s, singlet; d, doublet; t, 
triplet; m, multiples 

25 (vii) intermediates were not generally fully characterised and purity was assessed by thin layer chroma- 

tography (TLC), infra-red (IR) or NMR analysis; 
(viii) the following abbreviations have been used:- 
DMF N,N-dimethylformamide; 
DMA N,N-dimethyiacetamide. 

30 

Example 1 

Amixture of 7-fluoro-4-(3 , -methylanilino)-6-nitroquinazoline (0.25 g), 10% palladium-on-charcoal catalyst 
(0.03 g) and ethanol (10 ml) was stirred under an atrnosphere pressure of hydrogen for 16 hours. The mixture 
35 was filtered and the filtrate was evaporated. The residue was triturated under diethyl ether. There was thus 
obtain d~6-amfhc~7-fTubrc^ (0.18 g), m.p. 205-206°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.33 (s, 3H), 5.67 (broad s, 2H), 6.9 (m, 1H), 7.24 (m, 1H), 7.4 (d, 1H), 7.6 (m, 

3H), 8.3 (s. 1H), 9.35 (brpad^s, ,1 *); ____ _ — „ ... 

El mental Analysis: Found C, 67.1 ; H, 4.9; N. 20.8; 

40 C 15 H 13 FN 4 requires C, 67.2; H, 4.9; N, 20.9%. 

The 7-fluoro-4-(3'-methylanilino)-6-nitroquinazoIine used as a starting material was obtained as follows:- 
A mixture of 4-fluoroanthranilic acid (15 g) and formamide (30 ml) was stirred and heated to reflux for 6 
hours. The mixture was cooled to ambient temperature. The mixture was triturated underwater. The solid was 
is lated, washed with water and dried. There was thus obtained 7-fluoroquinazolin-4-one (13.8 g). 

45 A portion (4 g) of the material so obtained was added portionwise to a stirred mixture of concentrated sul- 

phuric acid (8 ml) and fuming nitric acid (8 ml) which had been cooled to 0°C. The mixture was stirred at ambient 
temperature for 30 minutes and then heated to 110°C for 30 minutes. The mixture was cooled to ambient tem- 
perature and poured onto a mixture of ice and water. The precipitate was isolated, washed with water and dried. 
There was thus obtained 7-fluoro-6-nitroquinazolin-4-one (4.3 g) ( m.p. 268-270°C. 

so A mixture of a portion (2.09 g) of the material so obtained, thionyl chloride (16 ml) and DMF (8 drops) was 

stirr d and heated to reflux for 2 hours. The mixture was evaporated, toluene (20 ml) was added and the mixture 
was re-evaporated. There was thus obtained 4-chloro-7-fluoro-6-nitroquinazoline as a solid which was used 
without further purification. 

Amixture of the solid so obtained, 3*-methylaniline (1.1 ml) and isopropanol (40 ml) was stirred and heated 

55 to reflux for 2 hours. The mixture was cooled to ambient temperature and stored at 3°C for 16 hours. The pre- 
cipitate was isolated, washed with isopropanol and with diethyl ether and dried. The solid so obtained (2.7 g) 
was dissolved in a mixture of methylene chloride and methanol and washed with a saturated aqueous sodium 
bicarbonate solution. The organic phase was washed with water, dried (MgS0 4 ) and evaporat d. The residu 
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was purified by column chromat graphy using a 4:1 mixture of methyl en chl ride and ethyl acetate as eluent. 
There was thus obtain d 7-fluoro-4-(3'-methylaniiino)-6-nitroquinazoline (1.69 g). 

Exampl 2 

5 

A mixture of 7-flu ro-4-(3*-methylanilin )-6-nitr quinazoline (0.12 g), 10% palladium-on-charcoal catalyst 
(0.02 g) and ethanol (10 ml) was stirred under an atmosphere pressure of hydrogen for 1 hour. The mixture 
was filtered and the filtrate was evaporated. The residue was purified by column chromatography using in- 
creasingly polar mixtures of methylene chloride and methanol as eluent. The material so obtained was tritu- 

10 rated under methanol and the resultant solid was recrystallised from a mixture of methanol and water. There 
was thus obtained 7-fluoro-6-hydroxyamino-4-(3'-methylanilino)quinazoline (0.051 g), m.p. 228-230°C; 
NMR Spectrum: (CD 3 SOCD 3 ) 2.33 <s. 3H), 6.9 (d, 1H), 7.25 (m, 1H), 7.4 <d, 1H), 7.63 (m, 2H), 8.1 (d, 1H), 8.4 
(s, 1H). 8.8 (broad s, 1H), 8.9 (broad s, 1H), 9.7 (broad s, 1H). 
Elemental Analysis: Found C t 63.8; H t 4.6; N, 19.6; 

15 C 15 H 13 FN 4 requires C, 63.8; H, 4.5; N. 19.7%. 

Example 3 

Acetic anhydride (0.11 ml) was added to a stirred solution of 6-amino-7-fluoro-4-(3'-methy1anilino)quina- 
20 zoline (0.268 g) in DMA (2 ml) and the mixture was stirred at ambient temperature for 24 hours. Water (10 ml) 
was added. The precipitate was isolated, washed with water and dried. There was thus obtained 6-acetamido- 
7-fluoro-4-(3 , -methylanilino)quinazoline (0.204 g), m.p. 269-270°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.15 <s, 3H). 2.3 (s, 3H). 6.9 (d, 1H), 7.2 <t, 1H), 7.6 (m, 3H) t 8.5 (s, 1H), 8.8 (d. 
1H). 9.7 (broad s, 1H), 10.0 (broad s, 1H); 
25 Elemental Analysis: Found C, 65.5; H, 4.9; N, 17.9; 
C 17 H 15 FN 4 0 requires C, 65.8; H, 4.8; N, 18.1%. 

Example 4 

30 2-Chloroacetyi chloride (0.12 ml) was added to a stirred solution of 6-amino-7-fluoro-4-(3 -methylanili- 

no)quinazoline (0.268 g) in DMA (2 ml) and the mixture was stirred at ambient temperature for 3 hours. The 
precipitate was isolated and washed with diethyl ether. There was thus obtained 6-(2-chloroacetamido)-7-flu- 
oro-4-(3 -methyl-anilino)quinazoline-hydrochlo#de-(0.315 g), m.p. >320°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.36 (s. 3H),-4^(s. 2H), 7.15 (d. 1H), 7.4 <m t 3H). 7.9 (d. 1H), 8.9 (s, 1H). 9.2 
35 (d, 1H), 10.8 (broad s, 1H). 11.5 (broad s, 1H); 

Elemental Analysis: Found C f 54.0; H, 4.2; N, 14.6; 
C 17 H 14 CIFN 4 0 1HCI requires C, 53.5; H, 3.9; N, 14.7%. 

Example 5 

40 

4-Chlorobutyryl chloride (0.4 ml) was added to a stirred- solution of 6-amino-7-fluoro-4-(3'-methylanili- 
no)quinazoline (0.8 g) in DMA (6 ml) and the mixture was stirred at ambient temperature for 4 hours. The pre- 
cipitate was isolated and washed with diethyl ether. There was thus obtained 6-(4-chlorobutyramido)-7-fluoro- 
4-(3'-methylanilino)quinazoltne (0.76 g); 
45 NMR Spectrum: (CD 3 SOCD 3 ) 2.1 (m, 2H). 2.36 (s. 3H), 2.66 (t, 2H), 3.74 (t, 2H) t 7.14 (d. 1H). 7.4 (m. 3H) f 
7.89 (d. 1H) ( 8.8 (s, 1H), 9.2 (d. 1H). 10.3 (broad s, 1H), 11.4 (broad s, 1H); 
Elemental Analysis: Found C t 56.1; H, 4.6; N, 13.7; 
C l9 H 18 CIFN 4 0 requires C, 55.8; H, 4.7; N. 13.7%. 

so Example 6 

A solution of 6-(4-chlorobutyramido)-7-fluoro-4-(3 , -methylanilino)quinazoline (0.64 g) in DMA (20 ml) was 
added to a stirred suspension of sodium hydride (60% dispersion in mineral oil. 0.15 g) in DMA (2 ml). T *- ? 
mixture was stirred at ambient temperature for 20 minutes. mixture was poured on?- ice ar : * 
55 with methylene chloride. The organic phase was washed with water, dried (MgS0 4 ) anc 3vapon?" j. The re- 
sidue was recrystallised from a mixture of methylene chloride and ethyl acetate. There v. - .us obtained 7- 
flu ro-4-(3 , -methyianilino)-6-(2- xopyrrolidin-1-yl)quinazoline (0.35 g), m.p. 218-220°C; 
NMR Spectrum: (CD 3 SOCD 3 ) 2.2 (m t 2H) t 2.35 (s. 3H). 2.5 (m, 2H), 3.9 (t, 2H). 7.0 (m, 1H). 7.3 (m, 1H). 7.6 
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(m. 3H). 8.56 (s, 1H), 8.65 (m. 1H) ? 9.75 (broad s, 1H); 
Elemental Analysis: Found C. 67.4; H, 5.1; N, 16.5; 
C 19 H 17 FN 4 0 requires C, 67.8; H ( 5.1; N f 16.7%. 

5 Exampl 7 

A mixture of 4-(3*-chloro-4 , -fluoroanilino)-7-fluoro-6-nitroquinazoline (0.11 g), 30% palladiunvon-charcoal 
catalyst (0.01 g) and acetic acid (10 ml) was stirred under an atmosphere pressure of hydrogen for 30 minutes. 
Th mixture was filtered and the filtrate was evaporated. The residue was triturated under methanol. There 
10 was thus obtained 6-amino^(3 , ^hloro^Vluoroanilino)-7-fluorpquinazoline (0.037 g) t m.p. >250°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 5.8 (broad s. 2H), 7.4 (m, 2H), 7.75 (d. 1H), 7.8 (m, 1 H), 8.1 (m. 1H), 8.4 (s. 1H), 
9.7 (broads, 1H). 

The 4-(3 -chloro-4 '-fluoroanilino)-7-fiuoro-6-nitroquinazoline used as a starting material was obtained by 
the reaction of 4-chloro-7-fluoro-6-nitroquinazoline and 3'-chloro-4 -fluoroaniline using an analogous proce- 
15 dure t that described in the last paragraph of the portion of Example 1 which is concerned with the preparation 
of starting materials. There was thus obtained the required starting material. 

NMR Spectrum: (CD 3 SOCD 3 ) 7.5 (t, 1H) t 7.8 (m, 2H). 8.1 (m, 1H), 8.7 (s, 1H). 9.6 (d, 1H), 10.5 (broad s. 1H). 
Example 8 

20 

A mixture of 4-(3'-chloro-4 t -fluoroanilino)-7-fluoro-6-nitroquinazoline (0.11 g), 30% palladiunvon-charcoal 
catalyst (0.01 g) and ethanol (10 ml) was stirred under an atmosphere pressure of hydrogen for 30 minutes. 
The mixture was filtered and the filtrate was evaporated. The residue was triturated under methanol. There 
was thus obtained 4-(3'-chloro-4 t -fluoroanilino)-7-fluoro-6-hydroxyaminoquinazoline (0.065 g). 
25 NMR Spectrum: (CD 3 SOCD 3 ) 7.4 (m, 2H), 7.8 (m, 1H). 8.1 (m f 2H) f 8.47 (s, 1H), 8.8 (broad s, 1H). 8.97 (broad 
s, 1H), 9.85 (broad s. 1H); 

El mental Analysis: Found C, 50.5; H, 3.0; N, 16.2; 
C 14 HaCIF 2 N40 0.75H 2 O requires C, 50.0; H, 3.1; N, 16.7%. 

30 Example 9 

Powdered iron (5 g) was added portionwise during 5 minutes to a stirred mixture of 7-chloro-4-(3*- 
m thylanilino)-6-nitroquinazoline (5 g) t water (10 ml) and glacial acetic acid (100 ml) which had been warmed 
to 50°C. The mixture was heated to 50°C for 2 hour$. The mixture was cooled to ambient temperature and 
35 filt r d. The filtrate was evaporated and the residue was purified by column chromatography using a 9:1 mix- 
ture f methylene chloride and methanol as eluent. There was thus obtained 6-amino-7-chloro-4-(3 -methyl a- 
nilino)-quinazoline (2.1 g), m.p. >270°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.35 (s, 3H), 6.0 (broad s. 2H), 7.0 (d, 1H). 7.3 (t, 1H). 7.55 (m f 1H), 7.6 (m. 1H), 
7.7 (s, 1H), 7.8 (s, 1H), 8.5 (s. 1H), 10.2 (broad s, 1H). 

40 The 7-chloro-4-(3 -methylanilino)-6-nitroquinazoline used as a starting material was obtained as follows:- 

A mixture of 4-chloroanthranilic acid (17.2 g) and formamide (10 ml) was stirred and heated to 130°C for 
45 minutes and to 175°C for 75 minutes. The mixture was allowed to cool to approximately 100°C and 2-(2- 
ethoxyethoxy)ethanol (50 ml) was added. The solution so formed was poured into a mixture (250 ml) of ice 
and water. The precipitate was isolated, washed with water and dried. There was thus obtained 7-chloroqui- 

45 nazoiin-4-one (15.3 g t 85%). 

A portion (6 g) of the material so obtained was added portionwise to a stirred mixture of concentrated sul- 
phuric acid (12 ml) and fuming nitric acid (12 ml) which had been cooled to 0°C. The mixture was stirred at 
ambient temperature for 30 minutes and then heated to 110°C for 30 minutes. The mixture was cooled to am- 
bient temperature and poured onto a mixture of ice and water. The precipitate was isolated, washed with water 

so and dried. There was thus obtained 7-chloro-6-nitroquinazolin-4-one (6.89 g). 

A mixture of a portion (4 g) of the material so obtained, thionyi chloride (30 ml), phosphoryl chloride (5 ml) 
and DMF (10 drops) was stirred and heated to reflux for 4 hours. The mixture was evaporated, toluene (20 ml) 
was add d and the mixture was re-evaporated. There was thus obtained 4,7-dichloro-6-nitroquinazoline as a 
solid which was used without further purification. 

is A mixture of the solid so obtained, 3'-methyi aniline (1.89 g) and isopropanol (25 ml) was stirred and heated 

to reflux for 2 hours. The mixture was filtered whilst still hot The solid so isolated was washed with isopropanol 
and with diethyl ether and dried. There was thus obtained 7-chloro-4-(3 , -methylanilino)-6-nitroquinazoline hy- 
drochloride (3.74 g). m.p. 271 -274 °C. 
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Example 10 

Glacial acetic acid (0.85 ml) was added to a stirred mixture of 6-amino-7-chloro-4-(3 , -methylanilino)qui- 
nazoline (1 g), formaldehyd (37% solution in water, 2.28 ml) and ethanol (80 ml). The mixture was stirred at 
ambi nttemp rature for 10 minutes. Sodium cyanob rohydride (0.443 g) was added portionwise and the mix- 
ture was stirred at ambient temperature for 16 hours. The mixture was neutralised by the addition of sodium 
bicarbonate. The mixture was evaporated and the residue was partitioned between methylene chloride and 
water. The organic phase was dried (MgS0 4 ) and evaporated. The residue was purified by column chroma- 
tography using a 48:1 mixture of methylene chloride and methanol as eluent There were thus obtained :- 
7-chloro-6-dimethylamino-4-(3 f -methylanilino)quinazoline (0.043 g), m.p. 150A152°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.35 (s ( 3H), 2.9 (s f 6H). 7.0 (d, 1H). 7.3 (t, 1H) ( 7.6 (m, 2H), 7.8 (s, 1H), 8.07 
(s t 1H). 8.47 (s, 1H), 9.7 (broad s, 1H); 

and 7-chloro-6-methylamino-4-(3 , -methylanilino)quina2oline (0.171 g), m.p. 149-152°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.35 (s. 3H), 2.95 (d, 3H), 6.03 (m. 1H), 6.9 (d, 1H), 7.26 (t, 1H), 7.36 (s, 1H), 

7.6 (s, 1H), 7.65 (broad d f 1H), 7.7 (s, 1H) f 8.34 (s. 1H), 9.44 (broad s. 1H). 

Example 11 

Using an analogous procedure to that described in Example 4, 6-amino-7-chloro-4-(3'-methylanilino)qui- 
nazoline was reacted with 2-chloroacetyl chloride to give 7-chloro-6-(2-chloroacetamido)-4-(3'- 
m thylanilino)quinazoline hydrochloride in 79% yield; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.35 (s. 3H), 4.5 (s. 2H), 7.15 (d, 1H), 7.4 (U 1H), 7.5 (m t 2H), 8.15 <s, 1H), 8.88 
(s, 1H), 9.02 (s. 1H). 10.55 (broad s, 1H), 11.4 (broad s, 1H). 

Example 12 

Using an analogous procedure to that described in Example 9, 7-chloro-4-(3\4 , -dichloroanilino)-6- 
nitroquinazoline was reduced with iron in acetic acid to give 6-amino-7-chloro-4-(3\4 -dichloroanilino)-quina- 
zoline in 20% yield; 

NMR Spectrum: (CD 3 SOCD 3 ) 6.0 (broad s. 2H), 7.65 (m, 2H), 7.8 (m, 2H). 8.22 (d, 1H) f 8.55 (s f 1H) t 10.25 
(broads, 1H). 

The 7-chloro-4-(3' f 4 , -dichloroanilino)-6-nitroquinazoline used as a starting material was obtained by the 
reaction of 4 t 7-dichloro-6-nitroquinazoline and d^4'-dichloroaniline using an analogous procedure to that de- 
scribedjn Jhe Last paragr_aph_of the portion of-Example 9 which is concerned with the preparation of starting 
mat rials. 

Example 13 

Using an analogous procedure to that described in Example 4, 6-amino-7-chloro-4-(3\4*-<jichloroanili- 
n )quinazoline was reacted with 2-chloroacetyl chloride to give 7-chloro-6-(2-chloroacetamido)-4-(3^4 , - 
dichloroanilino)quinazoline hydrochloride s 76% yield, miP; >280°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 4.5 (s t 2H) f 7.75 (m. 2H). 8.1 (m, 2H), 8.9 (s, 1H), 8.95 (s, 1H), 10.5 (broad s. 
1H) t 11.3 (broad s. 1H). 

Example 14 

A mixture of 4-chloro-7-fluoro-6-methoxyquinazoline (0.32 g), 3'-methylaniline (0.16 g) and isopropanoi 
(5 ml) was stirred and heated to reflux for 90 minutes. The precipitate was isolated, washed with isopropanoi 
and with diethyl ether and dried. There was thus obtained 7-fluoro-6-methoxy-4-(3 , -methylanilino)quinazoline 
hydrochloride (0.468 g), m.p. 265-267°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.37 (s. 3H), 4.1 (s, 3H) f 7.16 (d, 1H), 7.37 (t, 1H). 7.50 (m, 2H), 7.82 (s, 1H), 

8.77 (s. 1H), 8.84 (s, 1H). 11.66 (broad s. 1H); 

El mental Analysis: Found C, 60,2; H, 4.7; N, 13.0; 

C 16 H 14 FN 3 0 1HCI requires C, 60.1; H. 4.7; N, 13.1%. 

The 4-chloro-7-fluoro-6-methoxyquinazoline used as a starting material was obtained as follows:- 
Concentrated nitric acid (70%, 4.8 ml) was added dropwise during 20 minutes to a stirred mixture of methyl 

4-fluoro-3-meth xybenzoate (14 g) and concentrat d sulphuric acid (140 ml) which had b nco ledto-10°C. 

Th mixtur was all wed to warm to 5°C and was stirred at that temperature f r15minut s. The mixture was 
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poured onto ice and xtracted with ethyl acetate. The organic phase was washed with water, dried (MgS0 4 ) 
and evaporat d. Th r sidu was purifi d by column chromat graphy using increasingly p lar mixtures of hex- 
ane and methylene chloride as eiuent There was thus obtained methyl 4-fluoro-5-m thoxy-2-nitrobenzoate 
(11.8 g). 

5 A mixture of a portion (10.3 g) of the material so obtained, 10% palladium-on-charcoal catalyst (1 g) and 

thanol (500 ml) was stirred under an atm sphere pressure of hydrogen for 3 h urs. The mixtur was filtered 
and the filtrate was vaporated. There was thus obtain d 4-fluoro-5-methoxyanthranilic acid methyl ester (9 

9). 

Using analogous procedures to those described in the first and third paragraphs of the portion of Example 
10 1 which is concerned with the preparation of starting materials. 4-f luoro-5-methoxyanthranilic acid methyl ester 
was converted into 4-chloro-7-fluoro-6-methoxyquinazoline in 30% yield. 

Example 15 

is Using an analogous procedure to that described in Example 14, 4-chloro-7-fluoro-6-methoxyquinazoline 

was reacted with 3'-chloro-4*-f luoroaniline to give 4-(3*-chloro-4 , -fluoroanilino)-7-fluoro-6-methoxyquinazoline 
hydr chloride in 80% yield, m.p. 274-275°C; 

NMR Spectrum: (CD 3 SOCD 3 ) 4.08 (s, 3H), 7.54 (m. 1 H), 7.77 (m. 2H). 8.04 (m, 1 H). 8.60 (d, 1 H), 8.86 (s f 1 H). 
El mental Analysis: Found C. 50.5; H, 3.1; N, 11.3; 
20 C 15 H l0 CIF 2 N 3 O 1HCI requires C f 50.3; H, 3.1; N, 11.7%. 

Example 16 

Glacial acetic acid (0.46 ml) was added to a stirred mixture of 6-amino-7-fluoro-4-(3 , -methylanilino)qui- 
25 naz line (1 .07 g), formaldehyde (37% solution in water, 0.7 ml) and ethanol (100 ml) and the mixture was stirred 
at ambient temperature for 5 minutes. Sodium cyanoborohydride (0.51 g) was added portionwise and the mix- 
ture was stirred at ambient temperature for 24 hours. The mixture was evaporated and the residue was neu- 
tralised by the addition of a saturated aqueous sodium bicarbonate solution. The mixture was partitioned be- 
tw en methylene chloride and water. The organic phase was washed with water, dried (MgSO*) and evapo- 
30 rated. The residue was purified by column chromatography using a 9:1 mixture of methylene chloride and me- 
than I as eiuent- There was thus obtained 7-fiuoro-6-methylamino-4-(3'-methylaniltno)quinazoUne as a solid 
(0.62 g); 

NMR Spectrum: (CD 3 SOCD 3 ) 2.3 (s, 3H), 2.9 (d, 3H). 6.2 (d, 1H), 6.95 (d, 1H). 7.25 (t. 1H), 7.4 (m, 2H), 7.6 
(m, 2H) f 8.3 (s, 1H), 9.4 (broad s, 1H). ^ 

35 

Example 17 

Using an analogous procedure to that described in Example 16, 6-amino-7-fluoro-4-(3 , -methylanilino)qui- 
nazoline (0.268 g) was reacted with formaldehyde (37% solution in water, 0.65 ml) and sodium cyanoborohydr- 

40 ide (0.126 g) for 24 hours. Second portions of the same quantities of formaldehyde and sodium cyanoboro- 
hydride were added and the reaction was continued for 24 hours. Third portions of the same quantities of the 
two reagents were added and the reaction was continued for a further 24 hours. The reaction mixture was 
work d up using an analogous procedure to that described in Example 16. There was thus obtained 7-fluoro- 
6-dimethyiamino-4-(3'-methylanilino)quinazoline as a solid (0.132 g); 

45 NMR Spectrum: (CD 3 SOCD 3 ) 2.3 (s. 3H), 2.9 (s, 6H). 6.99 (d, 1H), 7.3 (t, 1H). 7.45 (d, 1H). 7.6 (m, 2H), 7.8 
(d, 1H). 8.45 (s, 1H), 9.65 (broad s, 1H). 

Example 18 

so Using an analogous procedure to that described in Example 4, 7-fluoro-6-methylamino-4-(3'-methylanili- 

no)quinazo!ine was reacted with 2-chloroacetyl chloride to give 6-(2-chloro-N-methylacetamido)-7-fluoro-4- 
(3'-methylanilino)quinazoline hydrochloride (0.097 g); 

NMR Spectrum: (CD 3 SOCD 3 + CD 3 C0 2 D, at 100°C) 2.3 (s, 3H), 3.4 (s, 3H), 4.2 (s. 2H), 7.1 (d, 1H). 7.3 (t, 
1H). 7.5 (m, 2H), 7.7 (d, 1H), 8.7 (s, 1H), 8.9 (d. 1H). 

55 

Example 19 

Acryloyl chloride (0.1 ml) was added to a stirred solution of 6-amino-7-fluoro-4-(3 , -methylanilino)quinazo- 
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line (0.268 g) in DMA (2 ml) and the mixture was stirr d at ambient temperature for 2 hours. Diethyl ther was 
added to the mixture and the r sultant pr cipitate was isolated and washed with diethyl ether. The solid was 
diss Ived in a mixture of methylene chloride and m thanol and th solution was washed with a saturated aqu- 
as sodium bicarb nate solution. The rganic phas was dri d (MgS0 4 ) and evaporated. The residue was 
purifi d by column chr mat graphy using a 9:1 mixture of methylene chloride and methanol as lu nt There 
was thus obtained 6-acrylamido-7-flu ro-4-(3 -m thylanilino)quinazoline as a solid (0.062 g); 
NMR Spectrum: (CD 3 SOCD 3 ) 2.3 (s, 3H) t 5.9 (m ( 1H), 6.4 (m, 1H), 6.7 (m t 1H), 7.0 (d ( 1H) ( 7.3 (m, 1H). 7.6 
(m, 3H). 8.5 <s, 1H), 9.0 (d, 1H), 9.8 (broad s, 1H), 10.2 (broad s, 1H). 

Example 20 

Using an analogous procedure to that described in Example 16, e-amino^-^'-chloro^'-fluoroanilino)-?- 
flu roquinazoline was reacted with sodium cyanoborohydride to give 4^3'-chloro^ f -fluoroanilino)-7-fluoro-6- 
m thylaminoquinazoline as a solid in 19% yield; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.9 (d f 3H), 6.3 (broad s, 1H). 7.4 (m, 3H). 7.8 (m, 1H) f 8.1 (m, 1H) ( 8.4 (s. 1H), 
9.5 (broad s. 1H). 

Example 21 

Using an analogous procedure to that utilised in Example 17, 6-amino-4-(3 , -chloro-4'-fIuoroanilino)-7-flu- 
oroquinazoline was reacted with sodium cyanoborohydride to give 4-(3'-chloro-4'-fluoroanilino)-6-dimethyla- 
mino-7-fluoroquinazoline as a solid in 29% yield; 

NMR Spectrum: 2.95 (s, 6H). 7.5 (m, 2H), 7.75 (m, 2H), 8.1 (m, 1H) t 8.5 (s t 1H) f 9.7 (broad s. 1H). 
Example 22 

Using an analogous procedure to that described in Example 4, 6-amino-4-(3'-chloro-4'-fluoroanilino)-7- 
fluoroquinazoline was reacted with 2-chloroacetyi chloride to give a precipitate which was isolated. The solid 
was dissolved in methylene chloride and triethylamine was added. The precipitate was isolated and purified 
by column chromatography using a 1:1 mixture of methylene chloride and acetone as eluent There was thus 
obtained 6-(2-chloroacetamido)-4-(3 , -chloro-4 , -fluoroanilino)-7-fluoroquinazoline as a solid in 23% yield; 
NMR Spectrum: (CD 3 SOCD 3 ) 4.4 (s, 2H), 7.45 (t. 1H), 7.7 (d. 1H), 7.8 (m, 1H), 8.1 (m, 1H), 8.6 (s. 1H), 8.9 (d f 
1 H), 1 0. 1 (broad s. 1 H), 1 0.4 (s, 1 H). ^ 

Example 23 

Using an analogous procedure to that described in Example 5, 6-amino-4-(3'-chloro-4'-fluoroaniIino)-7- 
f luoroquinazoline was reacted with 4-chlorobutyryl chloride to give 6-(4-chlorobutyramido)-4-(3 t -chloro-4'-flu- 
oroanilino)-7-fluoroquinazoline hydrochloride as a solid in 91% yield; 

NMR Spectrum: (CD 3 SOCD 3 ) 2.15 (m. 2H), 2.7 (t. 2H). 3.8 (t. 2H), 7.55 (t, 1H), 7.7 (m, 1H), 7.9 (d ( 1H), 8.0 
(m,.1H),_8.9.(s, AH), 9..15,(d, 1H) t -10.4. (broad s. 1H),-11.5 (broads, 1H). 

Example 24 

Asolution of 6-(4-chlorobutyramido)-4-(3 , -chloro-4 , -fluoroanilino)-7-fluoroquina2oline hydrochloride (0.64 
g) in DMA (6 ml) was added to a stirred suspension of sodium hydride [80% dispersion in mineral oil (0.14 g) 
from which the oil was washed using hexane] in DMA (2 ml). The mixture was stirred at ambient temperature 
for 1 hour. A mixture of ice and water (40 ml) was added and the resultant mixture was stirred for 30 minutes. 
The precipitate was isolated, washed with water, a small amount of isopropanol and diethyl ether and dried. 
The solid was purified by column chromatography using a 9:1 mixture of methylene chloride and methanol as 
lu nt. There was thus obtained 4-(3'-chloro-4-fluoroanilino)-7-fluoro-6-(2-oxopyrrolidin-1-yl)-quina20line as 
a solid (0.13 g); 

NMR Spectrum: (CD 3 SOCD 3 ) 2.2 (m. 2H) t 2.5 (m, 2H), 3.9 (t, 2H), 7.5 (t, 1H), 7.7 (d, 1H). 7.8 (m, 1H). 8.15 
(m, 1H) f 8.6 (m. 2H). 9.9 (broad s, 1H). 

Example 25 

A mixture of 4,7-dichloro-6-methoxyquinazoline (1.19 g). 3'-chloro-4 -fluor aniline (0.76 g) and isopropa- 
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nol (25 ml) was stirred and heated to reflux for 2 hours. The mixture was cooled to ambient temperature. The 
precipitate was filtered off. Th solid was dissolv d in a 9:1 mixture of methylene chloride and methanol and 
th solution was washed with a saturated aqu ous sodium bicarbonate solution. The organic phase was dried 
(MgS0 4 ) and evaporated. The residue was purified by column chromatography using a 9:1 mixture of methy- 

5 I ne chl ride and thyl acetate as eluent There was thus obtain d 7-chloitM^3 , ^loro-4 t -fluoroanilino)-6- 
methoxyquinaz line (0.32 g), m.p. 223-224°C; 
Elem ntal Analysis: Found C f 53.0; H. 2.8; N, 12.2; 
C 15 H 10 Cl2FN3O requires C f 53.5; H, 3.0; N, 12.4%.. 

The 4 t 7-dichloro-6-methoxyquinazoline used as a starting material was obtained as follows:- 

10 A mixture of 7-hydroxy-6-methoxy-4-(3*-methylanilino)-quinazoline [European Patent Application No. 0 

566 226 (Example 19 thereof); 8.3 g], concentrated hydrochloric acid (100 ml) and ethanol (100 ml) was stirred 
and heated to reflux for 72 hours. The mixture was evaporated, water (50 ml) was added and the mixture was 
basif ied by the addition of a saturated aqueous ammonium hydroxide solution. The precipitate was isolated, 
washed with water and dried. There was thus obtained 4,7-dihydroxy-6-methoxyquinazoline (4 g). 

15 A mixture of 4 J-dihydroxy-6-methoxyquinazoline (1 g) and thionyl chloride (14 ml) was heated to reflux 

for 2 h urs. The mixture was evaporated to give 4,7-dichloro-6-methoxyquinazoline which was used without 
further purification. 

CHEMICAL FORMULAE 

20 ' 



25 
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Claims 

1. A quinazoline derivative of the formula I 




wherein R 1 is hydroxy, amino, hydroxyamino, trifluoromethoxy, (1-4C)alkoxy, (1-4C)alkyiamino, di-[(1- 
4C)alkyl]amino, aziridin-1-yl, azetidin-1-yi, pyrrolidin-1-yl, piperidino, morpholino, piperazin-1-yt, 4-(1- 
4C)alkylpiperazin-1-yl f (1-4C)alkylthio, hal.9j)eno-(2-4C)alkoxy, hydroxy-(2-4C)a!koxy, (1-4C)alkoxy-(2- 
4C)alkoxy, phenyl-(1-4C)alkoxy, halogeno-(2-4C)atkylamino, hydroxy-(2-4C)alkylamino f (1-4C)alkoxy- 
(2-4C)alkylamino f phenyt-(1-4C)a!kyiamino, (2-4C)alkanoyiamino, benzamido, 2-oxopyrrolidin-1-yl f 2-ox- 
opiperidin-1-yl, halogeno-(2-4C)alkanoylamino f hydroxy-(2-4C)alkanoylarnino, (1-4C)alkoxy-(2-4C)alka- 
_ _ noylamino, (3-4C)alkenoylamino, (3-4C)atkynoytamino ¥ -N-(1-4C)alkyi-(2-4C)alkanoylamino t N-(1-4C)al- 
kylbenzamido, N-(1-4C)alkyl-halogeno-(2-4C)alkanoyiamino t N-(1-4C)alky1-hydroxy-(2-4C)alkanoyl ami- 
no, N-(1-4C)alkyt-(1-4C)alkoxy-(2-4C)alkanoylamino, N-(1-4C)atkyl-(3-4C)alkenoy1amino or N-(1-4C)al- 
kyl-(3-4C)alky noylamino, and wherein said benzamido or N-(1 -4C)alkylbenzamido substituent or any phe- 
nyl group in a R 1 substituent may optionally bear one or two halogeno, (1-4C)alkyl or (1-4C)alkoxy sub- 
stituents; 

R 3 is halogeno; and n is the integer 1, 2 or 3 and each R 2 is independently hydrogen, hydroxy, halogeno. 
trifluoromethyl, amino, nitro, cyano, (1-4C)alkyl, (1-4C)alkoxy or (2-4C)alkanoylamino; ora phaijmaceut- 
ically-acceptable salt thereof. 

2. A quinazoline derivative of the formula I as claimed in claim 1 wherein R 1 is hydroxy, amino, hydroxyamino, 
methylamino, ethylamino, dimethyl amino, diethylamino, aziridin-1-yl, azetidtn-1-yl, pyrrol id in- 1-y l t piper- 
idino, morpholino, piperazin-1-yl, 4-methylpiperazin-1-yl, acetamido, propionamido, 2-oxopyrrolidin-1-yl t 
2-chloroacetamido t 3-chloropropionamido, 4-chlorobutyramido, 2-hydroxyacetamido or 2-methoxyaceta- 
mido; 

R 3 is fluoro or chloro; and 

(R 2 ) n is 4-fluoro, 3-chloro, 3'-bromo, 3\4*-dichloro, S'-chloro^'-fluoro, 3-trifluoromethyl, 4'-f luoro-3*-tri- 
fluoromethyl, 3*-nitro, 4*-chloro-3 , -nitro, 4 -fluoro-3'-nitro or 3-methyl; 
or a pharmaceutical ly-acceptable salt thereof. 

3. Aquinazolin derivativ of the formula I as claimed in claim 1 wher in R 1 is hydroxy, amino, hydroxyamino, 
methylamino, thylamino, dimethylamino, diethylamino, aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl, piper- 
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idino, morpholino. piperazin-1-yl, 4-methylpiperazin-1-yi. acetamido. propionamido, 2-oxopyrrolidin-1-yl, 
2-chloroacetamido, 3-chloropropionamido, 4-chlorobutyramido, 2-hydroxyacetamido, 2-methoxyac ta- 
mido, acrylamido, methacrylamido. N-m thyl acetamido, N-ethylacetamido, N-methyl propionamido, 2- 
chloro-N-m thylacetamido or 2-chloro-N-ethylac tamido; 
R3 is fluoro r chloro; and 

(R2) n is 4'-fluoro, 3'-chloro, 3'-bromo, 3\4'-dichloro. 3'-chloro-4 f -fluoro, S^trifluoromethyl, 4'-f luo^o-3•-tri- 
f luoromethyl, S'-nitro, 4 , -chloro-3-nitro, 4'-f luoro-3'-nitro or 3'-methyi; or a pharmac utically-acceptable 
salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 wherein R 1 is methoxy, ethoxy. methytthio, 
2-chloroethoxy, 2-bromoethoxy, 2-hydroxyethoxy or 2-methoxyethoxy; 
R 3 is fluoro or chloro; and 

(R2) n is 4 , -fluoro, 3'-chloro, 3*-bromo, 3\4'-dichloro, 3'-chloro-4'-f luoro, 3'-trif»uoromethyi, 4 , -fluoro-3 , -tri- 
f luoromethyl. 3*-nitro, 4*-chloro-3 , -nitro, 4'-fluoro-3'-nitro or 3-methyl; or a pharmaceutically-acceptable 
salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 wherein R 1 is amino, hydroxyamino. me- 
thylamino, dimethylamino. acetamido, 2-oxopyrrolidin-1-yl. 2-chloroacetamido or 4-chlorobutyramido; 
R3 is fluoro or chloro; and 

(R2) n is 3'-chloro, 3\4'-dichloro, 3'-chloro-4*-fluoro or 3'-methyt; or a pharmaceutically-acceptable acid- 
addition salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 wherein R 1 is amino, hydroxyamino. me- 
thylamino, dimethylamino. acetamido, 2-oxopyrrolidin-1-yl, 2-chloroacetamido, 4^htorobutyramido t ac- 
rylamido or 2-chloro-N-methylacetamido; 
R3 is fluoro or chloro; and 

(R2) n is 3'-chloro. 3\4'-dichloro, 3-chloro-4'-f luoro or 3 -methyl; or a pharmaceutically-acceptable acid- 
addition salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 wherein R 1 is methoxy or ethoxy; 
R 3 is fluoro or chloro; and 

(R2)„ is 3'-chloro, 3\4'-dichloro, 3 •-chloro-4'-fluoro or 3'-methyl; or a pharmaceutically-acceptable acid- 
addition salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 selected from S-amino^-fluoro^^-rne- 
thylaniiino)quinazoline, 6-(2-chloroacetamido)-7-fluoro-4-(3 , -methylanilino)quinazoline, 6-amino-4-(3*- 
chloro-4*-fluoroanilino)-7-fluoroquinazoiine, 7-chloro-6-methylamino-4-(3 , -methylanilino)quinazoline. 7- 
chloro-6-(2-chloroacetamido)-4-(3-methylanilino)quinazoline and 7-chloro-6-(2-chloroacetamido)-4- 
(3\4*-dichloroanilino)quinazoline; or a pharmaceutically-acceptable acid-addition salt thereof. 

A quinazoline derivative of the formula I as claimed in claim 1 selected from 

7-fluoro-6-hydroxyamino-4-(3 , -methylanilino)quinazoline, 4-(3 , -chloro-4*-fluoroanilino)-7-fluoro-6-hy- 
droxyaminoquinazoline,6-aCTylamino-7-fluor^ 

no)-7-fluoro-6-methylaminoquinazoline f 6-(2-chloroacetamido)-4-(3 , -chloro-4 , -fluoroanilino)-7-fluoro- 
quinazoline, 6-(4-chlorobutyramidoH-(3 t -chloro-4*-fluoroanilino)-7-fluoroquinazoline and 4-(3*-chloro- 
4-fluoroanilino)-7-fluoro-6-(2-oxopyrrolidin-1-yl)quinazoline; 
r a pharmaceutically-acceptable acid-addition salt thereof. 

A process for the preparation of a quinazoline derivative of the formula I, or a pharmaceutically-acceptable 
salt thereof, as claimed in claim 1 which comprises:- 
(a) the reaction of a quinazoline of the formula II 
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wherein Z is a displaceable group, with an aniline of the formula III 




(b) for the production of those compounds of the formula I wherein R 1 or R 2 is hydroxy, the cleavage 
of a quinazoline derivative of the formula I wherein Ri or R 2 is (1-4C)alkoxy; 

(c) for the production of those compounds of the formula I wherein Ri is amino or hydroxyamino. the 
reduction of a quinazoline derivative of the formula I wherein R 1 is nitro; 

(d) for the production of those compounds of the formula I wherein R' is (2-4C)alkanoylamino, substi- 
tuted (2-4C)alkanoytamino, benzamido, <3-4C)alkenoylamino, <3-4C)alkynoylamino, N-(1-4C)alkyl-<2- 
4C)alkanoylamino. substituted N-(1-4C)alkyl-(2-4C)-alkanoylamino, N-(1-4C)alkyl-(3^C)alkenoylami. 
no. N-(1-4C)alkyH2-4C)alkynoylamino or N-<1-4C)alkylbenzamido, or R 2 is <2-4C)alkanoylamino the 
acylation of a quinazoline derivative of the formula I wherein Ri or R 2 is amino; or 

(e) for the production of those compounds of the formula I wherein Ri is (1-4C)alkoxy or substituted 
(1-4C)alkoxy or Ri is <1-4C)alkylamino. di-[(1 >4C)alkyl}amino or substituted (1-4C)alkyiamino. the al- 
kylation of a quinazoline derivative of the^ormula I wherein Ri is hydroxy or amino as appropriate* 

and when a pharmaceutically-acceptable salt of a quinazoline derivative of the formula I is required it may 
-be-obtainedusing a"convenlional procedure: " 

A pharmaceutical composition which comprises a quinazoline derivative of the formula l t or a pharma- 
ceutically-acceptable salt thereof, as dafmed in any one of claims 1 to 9 in association with a pharma- 
ceutically-acceptable diluent or carrier. 

The use of a quinazoline derivative of the formula l t or a pharmaceutically-acceptable salt thereof as 
claimed in any one-of^laims 1 to 9 in-the manufacture of a medicament for use in the production of an 
anti-cancer effect in a warm-blooded animal. 
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